R O B E R T T. B AT E Y
O ne of the seminal discoveries that propelled biologists towards an increased appreciation of RNA's many roles in cellular function was that genes can be interspersed with non-protein-coding sequences called introns 1, 2 . During the transcription of genomic DNA into messenger RNA, the RNA sequences generated from introns are removed by the spliceosome (a complex enzyme formed from proteins and RNA), the structure of which is poorly understood. On page 193 of this issue, Robart et al. 3 provide insight into the mechanism of this splicing process by reporting the crystal structure of a self-splicing group II intron -an RNA enzyme that shares a common ancestor with spliceosomal RNAs.
The evolutionary relationship between the spliceosome and group II introns was first inferred from their use of the same two-step chemical mechanism for splicing ( Fig. 1) . A defining feature of this process is the creation of a 2ʹ-5ʹ phosphodiester linkage at an adenosine nucleotide in the intron's 'branch site' during the first step of splicing. This linkage causes the excised intron to adopt a characteristic lariat structure -a loop with a branch attached at the branch site.
If the splicing reaction was the only reaction performed by group II introns, the lariat intermediate would not be required. Indeed, an evolutionarily primitive class of group II intron yields a linear splicing product, rather than a loop 4 . But a key advantage of the lariat is that it makes the first step of the splicing reaction reversible, allowing group II introns to invade DNA through a reverse splicing mechanism and so disperse throughout the genome. This mobility of group II introns is thought to have dramatically shaped the early evolution of eukaryotes 5 (organisms that include fungi, plants and animals), as demonstrated, in part, by the fact that their descendants comprise at least half of the human genome 6 . Group II introns are defined by a common secondary structure divided into six functional domains (Fig. 2) . The core of these RNA molecules is formed principally by domains I and V. Domain I acts as a scaffold to organize the other domains and exons (the protein-coding sequences attached at either end of the intron) around the catalytic site housed in domain V. The heart of group II introns is a set of three evolutionarily conserved base triples (structures analogous to base pairs, but involving three bases), which host a set of metal cations that directly participate in catalysis of the splicing reactions (a 'catalytic triplex'; Fig. 2 ). The structural details of the hydrolytic splicing mechanism were previously revealed through analysis of the crystal structure of a group II intron from the bacteri um Oceanobacillus iheyensis 7 . A biochemical analysis 8 published this year revealed that the active site of the spliceosome is similar to that of the O. iheyensis intron, supporting their evolutionary relationship.
Robart and co-workers have determined the atomic-level structure of a group II intron from the brown alga Pylaiella littoralis, to understand the lariat's role in splicing. This RNA is a member of one of the predominant classes of group II intron that mainly use a branch-site adenosine in domain VI for splicing, and it is thus more representative of the structure and mechanism of these RNA enzymes than the O. iheyensis intron. The structure depicts the product of the splicing reaction, in which the lariat form of the intron is bound to the spliced exons through base-pairing interactions with domain I. This intron contains domains that are highly truncated (domains II and III) or entirely absent (domain VI) in the O. iheyensis structure, which means that it provides a richer understanding of how these RNAs achieve fully reversible splicing with high fidelity.
The authors reveal how peripheral extensions not present in the O. iheyensis intron play a significant part in supporting catalysis. Domains II and III have been implicated in enhancing the catalytic efficiency of the intron through interactions with domains VI and V, respectively 9 . Robart and colleagues' structure strikingly reveals that domain II -whose function was poorly understood -serves as a nexus for a set of four 'tetraloop-mediated' interactions with domains I, III and VI. These types of interaction help to establish the higher-order architecture of many biological RNAs by packing helices together. In the present case, such interactions seem to substantially buttress the RNA architecture around the intron's active site.
The most important finding relates to how STRUCTURAL BIOLOGY
Lariat lessons
The spliceosome enzyme complex removes intron sequences from RNA transcripts to form messenger RNA. The crystal structure of a lasso-shaped RNA suggests a mechanism for this splicing process. See Article p.193
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Step 1
Step 2 In the first step of this splicing process, the hydroxyl group (OH) of an adenosine nucleotide (A) at the branch site of the intron attacks the phosphodiester linkage at the 5ʹ splice site. This produces a free 5ʹ exon and a structure in which the 5ʹ end of the intron is linked to the attacking adenosine through a newly formed 2ʹ-5ʹ phosphodiester linkage. In the second step, the 3ʹ hydroxyl group of the 5ʹ exon attacks the phosphodiester linkage at the 3ʹ splice site to yield the ligation product (in which the exons are joined together) and the lariat form of the intron. Curly arrows indicate electron movement; dots indicate lone pairs of electrons.
about splicing by the spliceosome? There is no known interaction in spliceosomal RNAs that is analogous to the π-πʹ inter action, begging the question of how formation of the branch site in the spliceosome triggers switching between the two steps. Like many modern RNAs, those in the spliceosome have evolved to function in concert with accessory proteins 11 . Although RNA is almost certainly at the heart of the spliceosome, these proteins clearly have crucial roles in the regulation and specificity of splicing, and in facilitating the formation of RNA architecture. It is distinctly possible that one of the proteins next to the active site drives this movement.
One potential candidate for this is Prp8, a protein found next to the spliceosome's active site and whose structure has been determined 12 . Unfortunately, there is insufficient biochemical and genetic information to indicate how Prp8 interacts with the RNA at the active site of the spliceosome. However, advances made in cryo-electron microscopy 13 should put the structure of the splice osome within reach. In the meantime, Robart and colleagues' structure of the lariat form of a group II intron provides tantalizing clues about one of the most complex macromolecular machines in biology. ■ . This domain is analogous to a helix formed in the spliceosome between one of the splice osome's constituent RNAs and an intron around the intron's branch-site adenosine 10 . When Robart et al. simultaneously disrupted the π-πʹ interaction and a second tetraloop-mediated interaction in their introns, they observed almost full blockade of the second splicing step.
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This observation, along with the authors' low-resolution structure of the intron in the pre-catalytic state, reveals that the π-πʹ interaction is the key structural switch in the transition from the first to the second step of splicing. The researchers propose that formation of the branched adenosine directly promotes the π-πʹ interaction, causing the branch site to move out of the catalytic site to a position about 20 ångströms away, as observed in the crystal structure of the intron's product form. This pulls the 3ʹ splice site into the active site, positioning the 5ʹ exon ready for the second splicing step. However, the precise mechanism by which lariat formation remodels the active site remains a question for future studies. A set of high-resolution structures encompassing each step in the splicing reaction will be required to reveal the full details of lariat-mediated splicing.
So what does the lariat structure teach us A long-range interaction between three highly conserved base pairs in domain V and nucleotides in the single-stranded region between domains II and III forms part of a structure called a catalytic triplex, which is the RNA core of the active site. Robart et al. 3 identify an interaction (the π-πʹ interaction) between a loop in domain II and a section of domain VI that is adjacent to the branch-site adenosine, and propose that this interaction causes the intron to switch between the two splicing steps. Domain IV often carries a gene (ORF; broken line) encoding a protein that facilitates efficient catalysis of splicing or mobility of the group II intron. Short lines between folded sections of the intron indicate base-pairing; more base pairs form in the structure than are shown here.
PARTICLE PHYSICS

The mass of a top
A measurement of the mass of the heftiest-known elementary particle, the top quark, which exists for less than a trillionth of a trillionth of a second, sheds light on the ultimate fate of our Universe, although ambiguities cloud its interpretation.
P E T E R S K A N D S
W riting in Physical Review Letters, researchers working in the D0 experiment (Abazov et al. 1 ) at the Tevatron accelerator at Fermilab near Chicago, Illinois, report the most precise single measurement so far of the mass of the heaviest-known elementary particle, the top quark. The result concludes an exciting 20-year saga -from the joint discovery of the top quark by the D0 Collaboration 2 and its competitor the CDF Collaboration 3 , to a measurement of the top quark's mass with a precision better than 0.5%. A similar result from the CDF experiment is to be expected, updating their 2012 result 4 . The top quark is one of six types of quark predicted by the standard model of particle physics; quarks are elementary particles that
